Abstract Sacred sites, particularly in forests, often form unofficial protected areas because their biodiversity is preserved and protected by the local people looking after the sites. Here, we survey the biodiversity of the Three Sisters Cave complex, a sacred site or kaya in a fragment of East African coastal forest in south-east Kenya. We show that, despite the tiny size of this non-gazetted forest reserve, it contains many of the threatened species of both flora (121 species) and fauna (46 species) representative of Kenya's coastal forest. Following the overexploitation and widespread destruction of coastal rainforests in Kenya, such sacred sites represent key biodiversity hotspots as well as forest islands in the now largely deforested coastal plain. Other non-gazetted forest sacred sites may represent undocumented sources of biodiversity that may contribute towards conservation of this threatened coastal habitat.
Introduction
S acred sites are defined as specific places recognized by indigenous and traditional people as having cultural, historical, spiritual and religious significance or as sites established by institutionalized religions and faiths as places for worship and remembrance (Jeanrenaud, 2001) . They occur in different forms, including remnants of old forests, caves, burial grounds and sites of ancestral worship (Mgumia & Oba, 2003) . Sacred sites are important as a tool for in situ conservation of flora and fauna because of their widespread distribution and their roles as reservoirs for local biodiversity and threatened species (Mgumia & Oba, 2003) .
Approximately 3,170 km 2 of East Africa's coastal forest remains, in Somalia, Kenya, Tanzania, Mozambique, Zimbabwe and Malawi (Burgess & Clarke, 2000; Azeria et al., 2007) , of which 660 km 2 is in Kenya (20.82%; Burgess et al., 1998 ). Kenya's coastal forests are biologically rich and harbour high concentrations of endemic species (Myers et al., 2000) . However, a long history of anthropogenic disturbance has reduced the forest to small remnant patches. The protection status of these forest patches in Kenya varies considerably. The largest forest on the coast is Shimba Hills National Reserve (. 150 km 2 ), which is gazetted by both the Forest Department and Kenya Wildlife Service (Robertson & Luke, 1993) . The remaining forest patches, in order of decreasing protection status, are (1) gazetted forest reserves and community sanctuaries, (2) sacred groves or kaya, some of which are gazetted as national monuments, and (3) unprotected forests on private or county council-owned land (Anderson et al., 2007a) . While sacred sites were not created for biodiversity conservation their complex social, spiritual and cultural associations have contributed to the protection of some ecosystems and, because they frequently have a higher concentration of floral diversity than managed ecosystems, they can be considered an important refuge for threatened species (Mgumia & Oba, 2003) .
Sacred sites on Kenya's coastal strip, often referred to as kaya, tend to be residual patches of the once extensive diverse lowland forest of the Zanzibar-Inhambane Regional Mosaic (Burgess & Clarke, 2000) and have high conservation value because of their botanical diversity (Robertson, 1986; Robertson & Luke, 1993; Githitho, 1998) . They owe their existence to the beliefs and culture of the nine coastal Mijikenda ethnic groups (Chonyi, Digo, Duruma, Giriama, Jibana, Kambe, Kauma, Rabai and Ribe; Githitho, 1998) . Cutting of trees and destruction of vegetation in and around these sites were prohibited by local village elders in an attempt to preserve the historical and traditional values of these sites. However as a result of economic, social, and cultural changes in society there has been a decline in knowledge about, and respect for, traditional values. In addition, more formal education, and government policy to reduce dependence on witchcraft, has led to a decline in respect for elders (Githitho, 1998; Matiku, 2003) . As a result of the loss of traditional values and leadership, combined with a rising demand for forest products and land for agriculture, mining, tourism and other activities, many sacred sites have been lost (Githitho, 1998) . However, some sites still remain as forest patches of varying size and significance.
Although sacred sites are known to be useful for conservation there has been no coordinated attempt to assess their contribution to biodiversity (Mgumia & Oba, 2003) and little is known about the belief systems that have helped conserve such sites (Jeanrenaud, 2001) . Given the lack of inventories of sacred sites in coastal Kenya and the importance of this area as a biodiversity hotspot and priority region for international conservation investment (Myers et al., 2000; Brooks et al., 2001) , a floral and faunal survey was undertaken at a previously undocumented sacred site, the Three Sisters Caves. We aimed to provide the basis for future studies by mapping the cave complex, identifying and documenting the flora and fauna at the site, and describing any threats.
Study area
The Three Sisters Caves are in Kwale district, one of seven administrative districts in coastal Kenya, between Mombasa and the border with north-east Tanzania (Anderson et al., 2007b ; Fig. 1) . The c. 8,322 km 2 district contains a heterogeneous mix of grassland, woodland, swamp, shrub land, forestry plantation, mangrove and agricultural land (both commercial and subsistence crops). Mean annual temperature is 26°C and rainfall is bimodal (March-July and October-December), with the 36-km wide coastal strip receiving a total annual rainfall of 900-1,500 mm (Burgess & Clarke, 2000) .
The Caves are in a remnant of the coastal forest belt, which was once a continuous mosaic of forest, thicket, woodland, bush land and grassland. The Eastern Arc Mountains and Coastal Forest Hotspot run along the Tanzanian and Kenyan coasts from the border with Somalia in the north to that with Mozambique in the south. This area is often referred to as the Northern Zanzibar-Inhambane Floristic Region (Burgess et al., 2007) and was recently reclassified as the Swahilian Regional Centre of Endemism (Clarke, 1998). The biodiversity of this hotspot is of global significance (Myers et al., 2000; Brooks et al., 2001) , with at least 1,500 plant species, 16 endemic mammals, 22 endemic birds, 50 endemic reptiles and 33 endemic amphibians (Burgess & Clarke, 2000; Myers et al., 2000) . Because of the small area of the hotspot the densities of these endemics are among the highest in the world (CEPF, 2003) . The Eastern Arc Mountains and Coastal Forest Hotspot is one of 25 global biodiversity hotspots (Myers et al., 2000; Brooks et al., 2002) and ranks first among the 25 hotspots in the density of endemic plant and vertebrate species. In addition, this ecoregion is one of 11 hyper-hot priority regions for international conservation investment (Brooks et al., 2002) . 
Sacred sites as biodiversity hotspots 119
The Three Sisters Caves are formed from limestone and are in the middle of a small remnant of ancient coastal forest in Fikirini, c. 70 km south of Mombasa and 15 km north of Shimoni. Geologically, the coastal forest strip has been subjected to considerable tectonic activity and to sedimentation and erosion associated with movements of the shoreline (Burgess & Clarke, 2000) , resulting in the formation of several limestone cave systems. The forest zone lies on ancient coral reef exposed by falling sea levels, the results of which are limestone rock covered by relatively shallow soils. The thin soils mean that the tree species of the coastal forest belt are highly specialized and consequently support and sustain a number of rare and endemic species of particular conservation and scientific interest.
Although the site has not been gazetted as a monument its three caves (Pangani, Kisimani and Midenyenye) were once used for traditional ceremonies and worship and were an important refuge during tribal conflicts and the slave trade. It is this past cultural and historical association that have led to their protection by the local community (A.B. Toya, pers. comm.). We took appropriate action to ensure that the local community was aware of the research to be undertaken, and permission to access the site was granted by elders from Fikirini village on the proviso that a villager accompany the researchers.
Methods
This research was carried out during March-June 2008. The individual cave complexes were mapped using a tape measure and compass. All measurements were from the base of the cave wall. Measurements started at the entrance, with the compass point set on north; the angle of the cave wall relative to north was recorded and the distance to the next angle (change in direction of the cave wall) measured. This method was repeated at every change in angle until the surveyor returned to the opposite side of the entrance. The approximate location of holes in the roof, sources of water and areas of rock fall and vegetation were documented.
Vegetation surveys of the coastal forest remnant in which the Three Sisters Cave complex is situated were undertaken by walking 15 transects, 5 m apart, through the forest, recording all tree and shrub species. Plants were identified using standard references for the area (Noad & Birnie, 1990; Beentje, 1994) and were undertaken with assistance from the Coastal Forest Conservation Unit. The name of each species was recorded in Digo and Kiswahili, and further information was provided on the medicinal and material values of each species by the elders and villagers, with inclusions from Beentje (1994) .
We used a number of methods to make a comprehensive inventory of fauna in the cave complex and the forest remnant. Amphibian surveys were conducted visually for 15 minutes each week for 8 weeks (2 hours per cave) in the caves Pangani and Kisimani, which contain water. Cave invertebrates were identified using visual searching techniques (Hunt & Millar, 2001) ; those that were difficult to identify in the field were collected and preserved in 70% ethanol for later identification (Sharratt et al., 2000) . To establish the location of bat species and their roosts the individual caves were subdivided into their separate chambers, of which there are three for Pangani and Kisimani and seven for Midenyenye. Because of the small size of several of the surveyed chambers bats were captured using a net (100 3 50 cm) attached to an extendable pole (1-5 m). This allowed bats to be captured from a range of heights and locations. To cause minimal disturbance to the bats 30 minutes was allocated to capture a minimum of 15 bats in each chamber, every other day, for 1 week (4 days: 26 hours of survey). Captured bats were released after being photographed (head, ear, body, tail and feet) and identified (Kingdon, 1997). Mammals and reptiles recorded in the caves and forest remnant were encountered in the process of other surveys. Primate surveys were conducted in conjunction with the vegetation transects.
Results
A total of 121 plant species in 43 families and 97 genera were recorded (Appendix), representing 1.9% of Kenya's 6,500 floral species (Luke, 2005) and 8.1% of the 1,500 species in the Eastern Arc Mountains and Coastal Forest Hotspot (Burgess & Clarke, 2000; Myers et al., 2000) . The families with the most species were Leguminosae (12 species), Rubiaceae (11), Moraceae (nine) and Euphorbiaceae (nine). The genera with the most species were Ficus (four species), Psychotria (three), Gymnosporia (three) and Rinorea (three). Table 1 presents an overview of the phytogeographical affinities of the flora. Three species occurring in this area are Kenya coastal endemics, restricted to Kenya coastal districts within the area of the Zanzibar-Inhambane Regional Mosaic, and 21 species are Zanzibar-Inhambane endemics (Luke, 2005) . Nine species have some form of rarity status as defined Luke, 1993) . Of the species recorded, 42% (51 species) are documented to be of medicinal or material value to the local community.
The faunal survey identified 46 species in 8 Classes and 16 Orders (Appendix). The greatest number of species were in the Classes Insecta (18 species), Mammalia (12), Amphibia (four) and Reptilia (four). Of the 46 species one is categorized as Data Deficient (Heliosciurus undulatus; IUCN, 2009) and 12 are categorized Least Concern, indicating that the species have been assessed and found to be under no threat of extinction at present, of which Colobus angolensis palliatus is described as a flagship species for Kenya's remaining fragmented coastal forests (Anderson et al., 2007a) . Two species are categorized as Near Threatened (Hipposideros commersoni and Miniopterus schreibersii) and one as Vulnerable (Taphozous hildegardeae). Hildegarde's tomb bat T. hildegardeae has only been recorded at nine locations, in south-east Kenya, northern Tanzania and Zanzibar, since it was first documented in 1909 (Colket & Wilson, 1998) , and the Three Sisters Caves is a previously unknown location. The distribution of the four bat species and the location of their respective roosts are indicated in Fig. 2 .
Discussion
The results of the floral and faunal surveys indicate that the cultural and historical values held by the local community have resulted in the Three Sisters Caves and coastal forest remnant becoming a reservoir for local biodiversity. The site is particularly diverse botanically, with a number of rare species. This is consistent with studies undertaken by the Coastal Forest Survey at gazetted kaya forests throughout coastal Kenya (Robertson & Luke, 1993 ; Table 2 ). The number of rare species recorded at these sites may be a reflection of ecological variation as sacred sites cover a broad range of habitat and microclimatic conditions (Githitho, 1998) . The majority of the plant species recorded in the Three Sisters Caves coastal forest remnant are confined to the Eastern Arc Mountains and Coastal Forest Hotspot, with a number of species of conservation concern as defined by the Coastal Forest Survey (nine species) and as categorized on the IUCN Red List (four species) because of their restricted range, habitat loss and the increasing threat of human disturbance. Unfortunately, like most East African forest-dependent species, habitat destruction and human disturbance are major threats to their survival (CEPF, 2003) .
Sacred sites comprise c. 60 km 2 (10%) of Kenya's remaining coastal forest (Githitho, 1998) . Along the south coast sacred sites are facing increasing pressure from clearance for hotel developments and settlement schemes (Githitho, 1998) . Despite local protection the fauna and flora of the Three Sisters Caves and coastal forest remnant are threatened because of the needs of the impoverished local people. Anderson et al. (2007a) indicated that unprotected forests in the Kwale district are heavily exploited because of habitat destruction linked to human population growth, agricultural expansion and tourist development (CEPF, 2003; Azeria et al., 2007) . Illegal logging of trees for charcoal, fuelwood, building poles, furniture, construction timber and wood carving (in particular for the tourist market), and coral block mining, are the most prominent activities occurring in the vicinity of the Three Sisters Caves (K. Metcalfe, pers. obs.).
Our study clearly highlights the significant contribution that sacred sites may play in the conservation of Kenya's biodiversity and particularly for its fragmented coastal forests. There have been a number of biodiversity investigations and conservation efforts in the Eastern Arc Mountains and Coastal Forest Hotspot in the past decade (CEPF, 2003) but there are still significant gaps in knowledge, particularly with respect to the number of sacred sites that remain unprotected and undocumented. Joint attempts need to be made by conservationists and local communities to address the problems and destruction affecting the sacred sites on Kenya's coastal strip.
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